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In recent decades, warming has begun inIn recent decades, warming has begun in
response to the increasing globalresponse to the increasing global

greenhouse effect.greenhouse effect.

MeehlMeehl et al., 2004 et al., 2004

Climate-model simulations of global-average temperature

Observed

Natural forcings suffice

Greenhouse emissions
required



……and, by theand, by the
middle of themiddle of the
21st Century,21st Century,
even in theeven in the

coolest of thecoolest of the
modelsmodels, , earlierearlier
snowmelts &snowmelts &

major reductionsmajor reductions
in in snowpackssnowpacks

and waterand water
resourcesresources  of theof the
Sierra NevadaSierra Nevada
are projected.are projected.
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However, the lessons we take from projections
continue to be very uncertain…



So we are being whipsawed by So we are being whipsawed by near-futurenear-future
climateclimate  projections that are simultaneouslyprojections that are simultaneously

threateningthreatening  andand  highly uncertainhighly uncertain..

How can we accommodate/quantify theHow can we accommodate/quantify the
uncertainties so that we can get on withuncertainties so that we can get on with

planning for the coming changes?planning for the coming changes?



Under variousUnder various
greenhouse greenhouse forcingsforcings,,
climate models yieldclimate models yield
a fairly narrow rangea fairly narrow range

of warmingof warming
scenarios andscenarios and

(amidst a broad(amidst a broad
overall range) overall range) aa

tendency for littletendency for little
precipitation changeprecipitation change

in California andin California and
most of the West.most of the West.

Greenhouse forcings
1900-2100

Dettinger, 2005
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Estimating influence of a uniformEstimating influence of a uniform
+3ºC warming on+3ºC warming on

FREEZING SEASON LENGTHFREEZING SEASON LENGTH

Using the historical (1950-99) record:Using the historical (1950-99) record: 

““Freezing SeasonFreezing Season””
Less vulnerableLess vulnerable More vulnerableMore vulnerable

Computed from UWComputed from UW’’s VICs VIC
model daily INPUTSmodel daily INPUTS
((NijssonNijsson et al, 2001), et al, 2001),

1950-19991950-1999

from Bales et al., in reviewfrom Bales et al., in review



Estimating influence of a uniformEstimating influence of a uniform
+3ºC warming on+3ºC warming on

GROWING SEASON LENGTHGROWING SEASON LENGTH

Using the historical (1950-99) record:Using the historical (1950-99) record: 

““Growing SeasonGrowing Season””
Less vulnerableLess vulnerable More vulnerableMore vulnerable

Computed from UWComputed from UW’’s VICs VIC
model daily INPUTS,model daily INPUTS,

1950-19991950-1999

from from BetancourtBetancourt et al., et al.,
2005, AGU Fall Mtg2005, AGU Fall Mtg



Dettinger, 2005, SFEWS ;
in press, Climatic Change

If we fit probability distributions toIf we fit probability distributions to
this ensemble:this ensemble:
vvImportant temperature (&Important temperature (&
snowmelt) changes within about 20snowmelt) changes within about 20
yearsyears
vvStrong tendency toward littleStrong tendency toward little
precipitation change, with a hint ofprecipitation change, with a hint of
slightly drier (especially in southernslightly drier (especially in southern
CA)CA)
vvGeneral spreading of possibilitiesGeneral spreading of possibilities
due to model and emissionsdue to model and emissions
uncertaintiesuncertainties



WHAT ABOUT THEWHAT ABOUT THE
NEW IPCC4NEW IPCC4
PROJECTIONS?PROJECTIONS?

A new ensemble of 84A new ensemble of 84
projections from 12projections from 12
climate models yieldsclimate models yields
few surprisesfew surprises
(compared to the(compared to the
previous projections)!previous projections)!

Dettinger, in review, GRL

Light curves = earlier ensemble
Heavy curves = IPCC4 ensemble

IPCC4

IPCC3



A Natural Next Step isA Natural Next Step is
Estimation ofEstimation of  PDFs PDFs ofof
CLIMATE CHANGECLIMATE CHANGE
Across the USAcross the US
(to summarize when, where, & how much(to summarize when, where, & how much
climate change is being projected)climate change is being projected)



Monthly Distributions ofMonthly Distributions of
TEMPERATURE CHANGE PROJECTIONS TEMPERATURE CHANGE PROJECTIONS forfor  20502050



……and then apply those and then apply those pdfspdfs
to estimate to estimate ““expected valuesexpected values””
of warming effects on of warming effects on RAIN-RAIN-
vsvs-SNOW-SNOW

Derived from monthlyDerived from monthly
IPCC GCM-grid IPCC GCM-grid pdfspdfs, and, and

UWUW’’s VIC model dailys VIC model daily
inputs, 1950-1999inputs, 1950-1999

2025

2050



Expected values of changes inExpected values of changes in
FROZEN-SEASON LENGTHFROZEN-SEASON LENGTH

2025

2050Derived from monthlyDerived from monthly
IPCC GCM-grid IPCC GCM-grid pdfspdfs, and, and

UWUW’’s VIC model dailys VIC model daily
inputs, 1950-1999inputs, 1950-1999



Looking forward Looking forward ……

To paraphrase Myles AllenTo paraphrase Myles Allen
(Nature 2003):(Nature 2003):

““It is time for climate modelers to start identifyingIt is time for climate modelers to start identifying
changes that can be ruled out as unlikely rather thanchanges that can be ruled out as unlikely rather than

simply ruled in as possible.simply ruled in as possible.””

Or perhaps evenOr perhaps even……

It is time for California analysts to focus on what is mostIt is time for California analysts to focus on what is most
likely rather than what is just possible.likely rather than what is just possible.



Looking forward (#2)Looking forward (#2)……

Even a simple exercise withEven a simple exercise with
historical meteorological recordshistorical meteorological records
suggests:suggests:

In the conterminous US,In the conterminous US,
the Pacific Coast states are likely tothe Pacific Coast states are likely to
bebe  MOST VULNERABLEMOST VULNERABLE
to hydrologic and growing-seasonto hydrologic and growing-season
influences of global warming!influences of global warming!

The Pacific Coast states are alsoThe Pacific Coast states are also
likely to belikely to be
VULNERABLE FIRST!VULNERABLE FIRST!



Looking forward (#3)Looking forward (#3)……

We are going to need:We are going to need:

••  More complete probabilistic descriptions ofMore complete probabilistic descriptions of  projectedprojected
futuresfutures

••  Downscaling methods that seamlessly reflectDownscaling methods that seamlessly reflect
probabilisticprobabilistic  projectionsprojections

••  Strategies for injecting probabilistic projections intoStrategies for injecting probabilistic projections into
impact/response analyses, without requiring massiveimpact/response analyses, without requiring massive
Monte Carlo simulationsMonte Carlo simulations
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